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SECTION A

Answer all questions in the spaces provided.

Draw the structure of a hydrocarbon that has five carbon atoms and exhibits E-Z isomerism.

H3C

AN

c

H
v
AN

(E)-pent-2-ene

CoHs

Draw the repeat unit of the polymer formed from the monomer CH;CHCH,.

H H
I I
¢ ¢
| |
H CH;

Species can be classified as electrophiles, nucleophiles or radicals.

(@) Explain what is meant by an electrophile.

[1]

[1]

A species that can accept a pair of electrons (an electron deficient species).

(b) Give an example of an electrophile.

H* (or B** in Bry, NO,*)
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4. 3,4-Dimethylpentan-2-ol is a secondary alcohol. o
(@) Draw the skeletal formula for 3,4-dimethylpentan-2-ol. 1]
OH
(b) State why it is classified as a secondary alcohol. 1]
The carbon atom bonded to the —OH group is joined to two other carbon atoms
(and one H atom).

5. (a) State Hess’s Law. [1]
..The total enthalpy change for a reaction is independent of the route taken from
the reactants to the products. e

(b) Determine the value of AH, in kJ mol~, in the energy cycle below. [1]

—125.1kJ mol™"
CsHg(g) + Ha(9) > C3Hg(g)
AH /1 04.7 kJ mol™!
3C(s) + 4Hy(9)
AH + (-125.1) = -104.7
AH = -104.7 + 125.1 = +20.4 kJ mol™
AH= . 1204 kJ mol™’
© WJEC CBAC Ltd. (B410U20-1)
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6. Name two compounds formed during the incomplete combustion of propane. 1] o

carbon monoxide (€0) and water (H,0)
7. Ethanoic acid, CH;COOH, is a typical organic acid.

Write the equation for the reaction between ethanoic acid and magnesium oxide. [1]
2CH3CO0H + Mg0 — (CH;COO)zMg + H,0
10
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SECTION B

Answer all questions in the spaces provided.

(a) Discuss how 1-bromobutane can react with hydroxide ions under different conditions to
give two different organic products.

Draw the mechanism for the formation of one of the organic products. [6 QER]

1-Bromobutane reacts with hydroxide ions in two ways depending on the solvent.

Mechanism (nucleophilic substitution):

C3H,
Ho'/\lm 53— CH3CH,CH,CH,0H + B
: r > 3CHCHLCH, + Br
/ \H\/

In elimination OH™ acts as a base: it removes an H* from the carbon next
to the C-Br carbon, a C=C double bond forms and Br~ leaves, so HBr is
eliminated. The product is but-1-ene:

CH3CH,CH,CHLBr + OH™ — CH3CH,CH=CH, + H,0 + Br

So water as solvent favours substitution (alcohol), while ethanol as solvent

and a higher temperature favour elimination (alkene).
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(b) Chloroethane is formed when ethane reacts with chlorine in sunlight. However, during the
reaction a mixture of products is obtained.

(i) Name the type of reaction mechanism taking place. 1]

radical substitution (photochlorination)

(i) Explain why butane can also form during this reaction. 2]

Ethyl radicals form when a chlorine radical removes H from ethane: C,Hs +

(c) Halogenoalkanes can also be formed from alkenes.

When 3-methylbut-1-ene is reacted with hydrogen bromide a mixture of two different
products is formed.

(i) Identify the products. 2]
_____ 1-bromo-3-methylbutane, CHBICH,CH(CH)3 oo
2-bromo-3-methylbutane, CH;CHBrCH(CH3),
(i) State and explain which of the two products is more likely to be formed. 1]

2-bromo-3-methylbutane, since it forms via the secondary carbocation

(d) Halogenoalkanes containing both chlorine and fluorine are known as CFCs. One of the
most abundant CFCs in the atmosphere is trichlorofluoromethane, CCI5F.

Explain why CCI;F remains longer in the troposphere (lower atmosphere) of the Earth
than in the stratosphere (upper atmosphere). [2]

CCIsF is very stable: the C—F and C—Cl bonds are strong and the UV light in the
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9. A student carried out an experiment to determine the enthalpy change of reaction for the o

decomposition of aqueous hydrogen peroxide.
1
HyO(@q) ———— HyO(l) + 30,(9)
Since the reaction is very slow, she was told to use aqueous iron(lll) nitrate as a catalyst. It is an
amber colour originally but turns a dark reddish-brown during the decomposition.
She used the following method.

» Use a burette to measure 50.0 cm® of aqueous hydrogen peroxide (3 % w/v) into a
polystyrene cup.

* Place a 1°C graduated thermometer in the solution and record the temperature.

+ Add 50.0cm?3 of aqueous iron(lll) nitrate to the solution.

e Stir the mixture with the thermometer and record the maximum temperature reached.
Her results are shown below.
Initial temperature of the aqueous hydrogen peroxide = 19.0°C

Final temperature of the aqueous hydrogen peroxide = 27.5°C

(@) The student said that it is not necessary to ensure that the hydrogen peroxide and the
iron(lll) nitrate are at the same temperature before addition.

Is she correct? Justify your answer. 1]

No. Adding the catalyst solution at a different temperature would itself cause a

(b) A concentration of “3% w/v” means that there are 3 g of hydrogen peroxide in 100cm? of
solution.

Calculate the concentration of the aqueous hydrogen peroxide in mol dm=3. [2]
Mr H202 = 34.02
moles H>0, in 100 cm?® = 3 =+ 34.02 = 8.82 x 1072 mol

concentration = 8.82 x 1072 x (1000 + 100) = 0.882 wmol dwm™

Concentration = ... mol dm=3

© WJEC CBAC Ltd. (B410U20-1)
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(c) Calculate the value, in kJ mol™", for the enthalpy change of reaction for the decomposition on
of hydrogen peroxide.
Give your answer to an appropriate number of significant figures. [4]
(If you do not have an answer in part (b) assume that the concentration is 0.790 mol dm=3.
This is not the correct answer.)
mass of solution = 50.0 + 50.0 = 100 g; AT = 275 — 19.0 = 85 °C
g = mcAT = 100 x 418 x 85 = 3553 7
n(H,0,) = 0.882 x 50.0 + 1000 = 4.41 x 1072 mol
AH = —g +n=-3553 =441 x102%=-80 570 J mol™?
AH = —30.6 kI mol™* (3 sig figs)
A= 7806 kJ mol’
(d) State why she accurately measured the volume of the catalyst. 1]
The mass of the whole solution Gincluding the catalyst) is used in g = mcAT to
. Caleulate the heat transferred, so the total volume must be known accurately.
(e) State how the student would know that the decomposition reaction had finished. 1]
_____ No_more bubbles of gas (oxygen) are given off, or the colour of the catalyst
IS 0 BT,
Turn over.
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(f)  Suggest two improvements that would make the experiment more accurate. Justify both
improvements. [4]

2. ..Plat.a.cooling..curve. (temperature. against..time). and._extrapolate back to....

the time of mixing: this gives the temperature that would have been reached

(g) State how the value of the enthalpy change would be affected if the experiment were
repeated using a different catalyst. [1]

No change, because a catalyst does not affect the enthalpy change of a reaction
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10. (a) A studentis asked to prepare a sample of ethanal by oxidising ethanol. o

(i) Write an equation for this reaction. 1]

Use [O] to represent the oxidising agent and show the structure of the organic
product.

CHs0H + [0] — H;C—C< + H,0

(i) Describe, giving brief experimental details, how he can carry out the reaction. [4]

Place dilute sulfuric acid in a flask and add sodium dichromate(V1), shaking

(i) Ethanol can also be oxidised to ethanoic acid. Describe how the student could
use a chemical test to confirm that his sample of ethanal did not contain ethanoic

acid. [2]

Add sodium hydrogencarbonate (or sodium carbonate) to a sample of the

(b) State a difference and a similarity between the 3C NMR spectra of ethanal and ethanol.

[2]
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(d)

13

Ethanol is widely used as a biofuel in some countries.
(i) The equation for its combustion is given below.

C,HOH + 30, — 2C0O, + 3H,0

Use the average bond enthalpy values given in the table below to calculate the

enthalpy of combustion for ethanol. [3]
Bond Average bond enthalpy / kJ mol"
c—C 348
C—H 412
Cc—O 360
O—H 463
0=0 496
C=0 743

bonds broken: 5(¢-H) + (¢c-¢) + (¢c-0) + (0-H) + 3(0=0)

= (5 x 412) + 348 + 360 + 463 + (3 x 496) = 4719 kI
bonds formed: 4(¢c=0) + 6(0-H) = (4 x 743) + (6 x 463) = 5750 ki

AH = bonds broken — bonds formed = 4719 — 5750 = —1031 kJ mol™*

A Hethanol = .. 7 kJ mol™’

(i)  Give a disadvantage of biofuels compared with fossil-based fuels. 1]

Large areas of land (and large amounts of water and fertiliser) are needed

Ethanol and hexan-1-ol are both primary alcohols. Explain why ethanol is soluble in water
but hexan-1-ol is not. 2]

Ethanol's —OH group forms hydrogen bonds with water molecules, so it is soluble.
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Compound A contains 55.8 % carbon, 7.00 % hydrogen and 37.2 % oxygen by mass.

Part of its infrared spectrum is shown below.

Transmittance

R e L
2000 1500 1000 500

Wavenumber / cm™!

—
3000

* An aqueous solution of compound A has a pH of less than 7.

* In an addition reaction, 2.00g of compound A reacts with 3.71 g of bromine in a
1:1 molar ratio.
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Use all the data given to identify all the possible structures of compound A. Explain what
information can be found from each piece of data. [10]

CH,=CHCH,CO00H (but-3-enoic acid) CH,=C(CH3)COOH (2-methylpropencic acid)

HsC COOH HsC H
N N,/
/ AN /
H H H COOH
Z-but-2-enoic acid E-but-2-enoic acid

Ewmpirical formula: € : H : 0 = 55.8/12.0 : 7.00/1.01 : 37.2/16.0 = 4.65 : 6.93 :

© WJEC CBAC Ltd. (B410U20-1) Turn over.
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12. A student carried out an experiment to study the reaction between magnesium and hydrochloric
acid.

Mg(s) + 2HCl(ag) —— MgCl,(aq) + H,(9) AH = —467 kJ mol™

He used the following apparatus to measure the volume of hydrogen produced over time.

]

-] ||IIH j

U

L

gas syringe

—— hydrochloric acid

O0

0%©% o

= magnesium strip

The experiment was carried out at a temperature of 25°C and 1atm pressure. The amount of
acid used was sufficient to react with all the magnesium.

These are the results obtained.

Time /s Volume of hydrogen / cm?®
0 0
10 32
20 50
30 64
40 75
60 88
80 92
100 100
120 100
© WJEC CBAC Ltd. (8410U20-1)
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(@) Plot the results for the experiment and draw a line of best fit. Label it A. [4]
Volume of hydrogen | cm?
\
120 |
100 =
A’ u — ;<
X
30 <
X
I/ -
1/ F ~
/ L —~
60 / s
X gy
40 =
/
/ /
20 LS
!l / 10
/ 4u's
/
/
/
/
//
0 >
0 20 40 60 30 100 120
Time [ s
(b) Use the graph to calculate the rate of reaction at 20 seconds in cm3 s~ [2]

tangent drawn at t = 20 s

gradient = (815 — 185) + (40 — 0) = 63 = 40 = 1.58 cm® s}

(¢) When he repeated the experiment, it took him 8 seconds to replace the bung in the tube
and start the stopwatch after adding the magnesium.

On the graph, sketch the curve that would be obtained if the results of this experiment
were plotted. Label it B. [2]
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(d) Calculate the mass of the magnesium strip used in the experiment. 2] o

n(H,) = 100 + 24 500 = 4.08 x 102 mol (24.5 dm>® mol™ at 25 °C)
n(Mg) = n(H,) = 4.08 x 107 mol

mass Mg = 4.08 x 102 x 24.3 = 0.0992 ¢

() The rates of some reactions can be determined from the loss of mass over a period
of time. However, the student said that he could not use this method as he only had a
two decimal place balance. Is he correct? Justify your answer. 2]

Yes, he is correct, since the mass of hydrogen lost would be very small. The

(f) He repeated the experiment using the same mass of magnesium and the same volume
and concentration of acid, in order to collect 100 cm? of hydrogen, but over a longer period
of time.

State one method of slowing down the reaction and use collision theory to explain this
change of rate. [3]

Decrease the temperature of the acid (eg. cool it in an ice bath).
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(g9 On the axes below, sketch the energy profile for this reaction, labelling the enthalpy

change of reaction, A H.

Energy

Mg + 2HC

19

AH

(exothermic)

MgC/2 + H2

© WJEC CBAC Ltd.
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